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(57) Abstract: The present invention provides novel nanosized particles termed as "nanoclinics" for therapeutic and/or diagnostic 
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a targeting agent on the surface of the shell for specific recognition of targeted cells. A method is also provided for lysis of cells 
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WO 01/37721 



PCT/US00/42263 



MAGNETIC NANOPARTICLES FOR SELECTIVE THERAPY 

This application claims priority of US provisional 
patent application number 60/166,777 filed on November 
22, 1999, the disclosure of which is incorporated herein 
by reference . 



10 



15 



20 



25 



30 



FIELD OF INVENT TOM 

The present invention relates generally to the area 
of delivery,. of materials, for intracellular therapeutics 
or diagnosis. More particularly, the present invention 
provides magnetic nanoparticles, a method for making the 
particles, and a method for using the particles in the 
treatment of cancer using a DC magnetic field. 



BACKGROTTm? QF THE T NVENT T ON 

In the past 3 0 years, major advances have been made 
in the diagnosis and treatment of human malignancies. 
In parallel, biotechnologies and nanotechnologies have 
provided avenues for the development of novel approaches 
to treatment of human diseases. Currently, chemotherapy 
is a widely used method of treatment for many cancers, 
but it has some distinct limitations and disadvantages. 
The main disadvantage of chemotherapy is related to drug 
toxicity, which severely restricts the drug dosages that 
can be used to effect eradication of the cancerous 
cells. To provide a more effective chemotherapeutic 
approach, one area of research has focused on specific 
targeting of chemotherapeutic objects to the cancer 
cells (Schally et al., 1999, J. Endocrinol., 141:1; Nagy 
et al., 1996, Proc. Natl. Acad. Sci . , USA, 93:7269; 
Emons et al . , 1993, J. Clin. Endocrinol. Me tab. , 
77:1458). Thus, cancerous cells may be targeted based 
35 on district molecules on the cells surface. 

Since 1950, magnetic probes and particles have been 
investigated as a potential treatment for cancer. 
Studies demonstrate that the hyperthermia (Grittner et 
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al., 1997, HybrldomsL, 16:109; Higler et al . , 1997, 
Invest. Radiol., 32:705) generated by magnetic particles 
coupled to a high frequency AC magnetic field (requiring 
a tremendous power) could be used as an alternate or an 
5 adjuvant to therapy for cancer treatment. The 

hyperthermic activity (heat produced by the relaxation 
magnetic energy of the magnetic material) was shown to 
effectively destroy tumor tissue surrounding the probes 
or particles.' The development of ultra- small magnetic 

10 particles (f errof luids) with high crystallinity provided 
the next step in magnetically induced hyperthermic 
therapy. This treatment resulted in reduction of tumor 
size when- the particles are directly injected into the 
tissue. However, no specificity was shown using such 

15 therapy. Thus, there is an ongoing need to develop 
specific targeting of magnetic nanoproducts . 

SUMMARY OF THE INVENTION 

The present invention provides novel nanosized 
20 (less than 100 nm) particles termed as "nanoclinics" or 
"nanoparticles" or "nanobubbles" for therapeutic or 
diagnostic use. The particles have a core of a 
therapeutic or diagnostic material surrounded by a shell 
composed of a bio-compatible material. Further, the 

2 5 nanoparticles contain a targeting agent on the surface 

of the shell for specific recognition of targeted cells. 
The nanoparticles optionally contain a tracking agent. 

The present invention also provides a method for 
the selective destruction of targeted cells, such as 

3 0 cancerous cells. Upon exposure of the cells to 

nanoclinics having a magnetic core, cells containing 
molecules having specific affinity for the targeting 
agent will attach and/or internalize the nanoclinics. 
Subsequent application of a DC magnetic field can 
3 5 specifically destroy the targeted cells. 
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The present invention also provides a method for 
the preparation of the nanoparticles. The method 
comprises the steps of forming iron oxide core, forming 
a silica shell around the iron oxide core and attaching 
5 one or more targeting agents to the shell via carbon 
spacers. A tracking dye may be attached to eh iron 
oxide core so as to be able to track the nanoparticles. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 is a schematic representation of a 

multifunction nanoclinic. in this illustration, a two- 
photon dye (ASPI-SH) coated iron oxide core is 
encapsulated in silica. On the surface, the targeting 
agent ( (D-Lys) 6 LH-RH) is attached via a spacer. 
15 Figure 2 is a high resolution Transmission Electron 

Micrograph and electron diffraction profile of a single 
nanoclinic indicating the presence of amorphous (silica) 
and crystalline structure (Iron oxide) . 

Figure 3 is a representation of Laser scanning 
20 microscopy showing uptake of nanoclinics by epithelial 
oral cancer cells (KB cells) . Images show uptake as 
indicated by the tracking dye after 3, 9, 15, 21 and 27 
minutes incubation (A) . (B) is a representation of the 
transmission photomicrograph and (C) is a representation 
25 of the corresponding luminescence photo micrograph. 

Figure 4A-4C are representations of the selectivity 
and the effect of various conditions on the 
magnetocytolysis of cells. Figure 4A indicates the 
effect of incubation of cells with Silica-nanoclinics , 
30 silica-nanoclinics with spacers only and silica- 
nanoclinics with spacer and LHRH. Figure 4B represents 
the effect of time of incubation with silica nanoclinics 
having spacer and LHRH on magnetocytolysis of MCF-7 
cells. Figure 5C indicates the effect of upregulation 
35 or downregulation of LHRH receptors on magnetocytolysis 
by LHRH-nanoclinics . 
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Figure 5 is a representation of the effect of 
magnetic field exposure time on the lysis of ceils. 

Figure 6 is a representation of the comparison of 
magnetization curves of LHRH nanoclinics dispersed in 
cell growth medium (open circles) or incubated at 37C 
with adherent cell culture for two hours (closed 
circles) . A resistance to magnetization is observed 
when the field increases (a) . For higher magnetic 
field, the particles follow the same behavior as the 
isolated particles in solution (b) , suggesting a 
physical disruption of the membrane. 

DETAILED DESC RIPTION OF THE INVENTION 

The terms "nanobubble" , "nanoparticle" , 
"nonoclinic" or plurals thereof, are used 
interchangeably and, for the purposes of the 
specification, mean, a particle or particles of less 
than 100 nm diameter having a central core of 
therapeutic or diagnostic material, a shell surrounding 
the central core, one or more targeting agents on the 
surface of the shell; and optionally, a tracking agent. 

The term "affinity molecule" means, for the purpose 
of specification, a molecule on the surface of a 
targeted cell having a specific affinity for the 
targeting molecule on the surface of a nanoparticle. 

A schematic diagram of a nanoparticle of the 
present invention is shown in Figure 1. The therapeutic 
agent in this illustration is iron oxide encapsulated in 
a silica shell. The nanoparticle shown in this 
illustration also contains a two photon dye, which acts 
as a tracking agent. On the surface of the silica shell 
are present targeting agents, which may be coupled to 
the shell through spacers so as to prevent stearic 
hindrance during the interaction of the targeting agent 
with its affinity molecule on cells. 

The particles useful for the present invention need 
to be small enough in size to be able to diffuse into 
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the tissue to enter the cells (by endocytotic processes) 
and large enough to respond to the applied magnetic 
field at 37°C. Thus, particles less than 100 nm in 
diameter, preferably in the range of 5 to 40 nm are 
5 suitable for the present invention. The material 
forming the core may be one or more therapeutic or 
diagnostic agents. In a preferred embodiment, the 
therapeutic agent forming the core is a magnetic 
material. Such materials include ferrous oxide and 
10 ferric oxide. 

The shell can be made of a bio-compatible material, 
^ preferably, silica. 

The targeting agent may be any molecule that has 
specific affinity for a molecule on the surface of the 
15 targeted cell. Thus, the targeting agent includes, but 
is not limited to, antibodies, hormones, or fragments 
thereof. 

The spacer should be long enough to prevent or 
reduce stearic hindrance between the interaction of the 
20 targeting agent and the target molecule on the surface 
of a cell. Carbon spacers are commonly available (such 
as from Sigma -Aldrich) . Suitable spacers contain 
between 6 and 20 carbon atoms. In a preferred 
embodiment, the spacer contains 14 carbon atoms. 
A 25 A tracking agent (also referred to herein as 

"tracking dye") may be used optionally to track the 
nanoparticles . The tracking dye may be any fluorescent 
dye. An example is a dye that has an excitation 
wavelength in the infra red range. A description of two 
3 0 photon dyes that are suitable is found in U.S. Patent 
no. 5,912,247. 

In one embodiment, the nanoparticle are 
multilayered structures comprising an iron oxide core, a 
two-photon optical probe as the tracking agent, a silica 
3 5 shell and LHRH covalently coupled to the surface of the 
silica shell. A preferable size for the magnetic core 
is 20 nm. It is considered that the silica shell 



WO 01/37721 

- 6 - 



10 



) 



15 



stabilizes th e ma 

have apec ifi v magnet ic core. Kiln 

- ■ * ^r f rrr f ~ * that 

nanopar,- , EUCh as *» a st.^ y the use 

' Parties, are p repared £« d ard MRi system 

"verse ^ f^ticles *«- iron oxi de 

<* ^o s J"*"-* "action. US1 " 9 a 

uaad to fabricate t h synthetic the thesis 

such as a two „ V nan °Part ic i es ' ° Pr ° c «a is 

«a abil lty J t eU " aee m atall ic at y "a 
la «r scann ln ; tha -nopartioi^T. 

add a° to prafL t T SC9Py - Sil "a ^ '"-Photon 
"» »* S ro TO ^! she„. salt, is 

th « attached Eo f! A S " ica shell 

«- stearic h,!!!"* «"« surface, f^" SPac « *. 



35 



»>°° oarho har silica * 

"a stearic hind e " ica *«face ™ SPa ° er *• 

a 9ant to i ts t " f ° r tha mJL ^ SPa0er «* 

«« atta::;/:: 9 ;: moiecuia - * Ca 9 ti th v a ^ 
-7—ei,. t°he th t e a; p ;;r: by sta Ja -" e la 

to a spacer and then J 9 a£rent ca n Jb e fir. 
«-» >>* attached tX."^"«"»« 

Tha porositv „, \ ° a she "- c °n>Plex 
a^ndard methods to , ""^ aha « can b 
"» ".arapeutic ag en t " the S «-ed «l e ^""^ b ^ 
ba "> can be util In ad «tion a th " te ° f 

Po^ispersitT"" 3 to increase w ^^-tated oil 
T he nanopartio, El2e 

u - d *» ^sis of c e rr s of the p — c inventlon 

Ca "«- For the Xye ie ' SUah aa *« the t^"" ° a " ba 
^ ^ selected tU ""' r ce "s, th^ ° f 

° f th. tumor cells °" the "Macules "^"^ 

recepto" ^ man^ ^ "» a ««ace 

tumors J ACOOrdi "Sly, for th , eXpre as 

«» (or a ;e:eTr liniCS ° f Present ° f CSWa « 

-r 9 etin 9 a 9 e n ; P£ ° H r u ^ ndi "- a "a2o P g) ^ havin, 

«^ess ^ recepto™" ^^cies that are k "* 

P ° r> include, but ar= nown c ° 

are not i imited t<> _ 




) 



w O 0137721 

breast cancer 

prostate cancer Can ° er - endometrial , 

tumor eelif a " C Canc «. For , ^ 

Following bind " e eXpos ^ to the effec "«9 

= --rtfcir^rrr 

;r:r;t to a dc »~ «rv ha 

10 - ran 3e of Has a 

The inv en ti on will K 
following exampl es 1 a ^eciated bett^ * 

15 

« —particlel: *f »"»«~ method^T 0 " ° f «- 
2o -ac« ng agent _ *' J^n 9 a two ^ ^T™^ 
provided. the taro-ti- a 

In of wate 89enC ' ^ 

functional 35mg of Pefnci 
hundred » SUI * actant iro ! , 2 Wae d "Pers ed 

Stabil "ati 0n 0 fO-lM) was L fateK ^° 

25 the si2e , ° n ° f te ">Perature to ah ***** lowing 
OA 2e, temperahn^ about 80°r y 

Wttflad. Affr and Pe 'M'7 cone. ! T ° 

iron oxide ab ° U,: 3 "ours of e0tri,ti « =an bs 

S «- ««PerTed two^h ? — 

"crde k r:. at ^sir ti " a - 

««ca l ayer an . nder vigorous stirring ™ 3 few 

-ours under st irring 



WO 01/37721 

_ 8 - PCT/US00/42263 

and occasional utili 2at • 

-ery « hours ap^^ ° f ultrasonic bath (5minutes 
extracted from the coll^Z, Particles were 

an d e ntrifugatiM »* several washing 

5 PH - 8 - 5 c ° S> • washed partis" ""^ 1/3 alc °»ol at 

solution (20ml ethanol an" 5ml " di ^reed i» a 

«— of m , OH o. 1M) and t ^ bef ° re ^«„„ of 

tetraethvlorthoam cate to ^ of 

particles are again washed .1 er Sbout 14 l»» rs , 

» molecule. 3- .TrfethoXt"^^ Sp ~« 
acid, was synthesized ( al.r Py 0airbam0yl) 'Butyric 

using 3-(Tri e thoxylsu; i t; o ; y Vailable — cially, by 
"9 <4.s mmol, glutaric anTvdr , ™ U,S ~ « *nd «M 
^en 350 ,1 of di-isopr^l '° * 
15 ^lution drop „ iee amine was added to the 

"ours, under argon IT """"^ *' Sti "~ d for 24 
~ <°-= 9 in 20ral) andX r oT° Ule diSP « Sad *- 

After 24h of stirring at !1 . add * d - 
washed with DMP and dried 2 Particles were 

° " ere o^persed in a m2 mhvd " 9 Ep soer-nanoparticles 

* « of the analcf If t^ ^ ^^-tion 

< <D-Lys 6 ) LH-RH) and 24 * the Psptzde hormone lhrh 

. «P« was added dropwise to L - ^ *•»• "° «* 
mixture „ as sonicated at room te" ^ reaCti °» 

" «- Product is collected hy cen C rTf ** * 

and washed with DMF and «L I '"' 00 ° r P"" 

the particles were dispersed in T "sMlity. 
»«h 10% DMS0 and concentrated"^ ° f " a ter 

"Sing this synthetic nSeded f ° r us e. 

' -nahle size fro/s IT," TilT a 
produced. in dl ameter can be 

P^^TsT^^™- -articles . 

The structure of nanoparwle * °°™ ^ a Sha "' 
dascrlhed ahove was de'term^d ^ST * ^ 

high resolution tem. 



WO 01/37721 



- 9 - 



PCT/USOO/42263 



10 



15 



H lgh resolution transmission electron microscopy (Figure 
2A) shows the structure of the nanoparticle is composed 
of the crystalline core corresponding to Fe 2 0 3 and one 
amorphous silica layer (bubble) . The same 
crystalline/amorphous structure was obtained by the 
electron diffraction (insert figure 2A) of the particle 
and also confirmed by X-ray diffraction. 

EXAMPT.R 1 

This embodiment demonstrates that the nanoparticles 
as prepared in Example l can be used for selective 
uptake by targeted cells. The selective interaction and 
internalization of these nanoparticles with cells was 
visualized using two photon laser scanning microscopy 
The two-photon dye is able to absorb one photon (with 
energy of 400nm) or two photons (with 800 nm energy) via 
a vrrtual state. Using near-infrared light (800 nm) 
cells were observed by real time tracking. Two 
different types of particles were used in this study 
LHRH-positive (surface coupled) and LHRH-negative (C14 
spacer arm only) . Oral Epithelial carcinoma (KB) cells 
were used to determine the effect of the nanoparticles 
These cells are known to be lhrh receptor positive a 
suspension of nanoparticles was added to the cells and 
uptake was observed using laser scanning microscopy 
Two-photon Laser scanning microscopy was performed using 
a microscope (Nikon) coupled to a Tsunami Dye Sapphire 
Laser (Spectra Physics) . Samples images were recorded 
in fluid (medium growth) at room temperature. These 
30 results are shown in Figure 3A-C. Accumulation of 

luminescent particles on the membrane and inside the 
cells was observed over a period of 3 0 min at room 
temperature (Figure 3A) . Optical sectioning of cells 
after 15 minutes incubation with nanoparticles is shown 
35 in Figures 3B and 3C. The arrows indicate localized 

accumulation of the nanoparticles on surface and inside 
the cells, suggesting the intracellular penetration of 



20 



25 



WO 01/37721 



- 10 - 



PCT/USOO/42263 



the nanoparticles. Such an accumulation was not 
observed with LHRH-negative nanoparticle studies or LHRH 
positive nanoparticle incubated with LHRH receptor 
negative cells. 

These studies demonstrated the time dependent 
uptake of the LHRH positive nanoparticles by LHRH 
receptor bearing cells. 
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EXAMPLR A 

The ability of these nanoparticles to selectively 
affect the viability of cells, was investigated in LHRH 
receptor positive, MCF-7 (human breast carcinoma) and KB 
(oral epithelial carcinoma) and receptor negative, UCI 
(uterine cancer) and CV-i (African Green monkey kidney 
15 epithelial) cell lines. Nanoparticles having LHRH on 
the surface (20-25 pg/1000 cells) were incubated for 2 
to 72 hours at 37 °C with cell monolayers grown on 60 mm 
culture plates. After washing with PBS, the cells were 
released by trypsinization and half of the cell 
20 suspension exposed for 20 minutes (at room temperature) 
to a 7 Tesla magnetic field. Final cell counts revealed 
a 30 to 65%. loss in cell number depending on 
conditions. Initial results showed that the number of 
cells lysed by LHRH coated nanoparticles was 8 times 
25 higher than LHRH-negative nanoparticles (Figure 4A) 

incubation of the cells for 72 hours resulted a 5 fold 
increase in the number of lysed cells compared to the 2 
hour incubation (Figure 4B) . a linear dependence of the 
number of lysed cells over magnetic field exposure time 
0 (up to 40 minutes) and nanoparticle concentration (0.2, 
2.0, 20, and 40 pg/1000 cells) was observed. 

To determine the role of LHRH receptor in 
magnetocytolysis, the cell surface receptors were up and 
down regulated using Epidermal Growth Factor (EGF) and 
5 an analog of Somatostatin (RC160) treatment 

respectively. EGF has been shown to upregulate the LHRH 
receptor through activation of a tyrosine kinase which 
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activates the receptor by phosphorylation. RC160 
activates tyrosine phosphatase, which dephosphorylates 
the receptor, thereby deactivating it. Adherent cells 
were preincubated for 2 hours at 37«C with l nM EGF or 
5 RC160 prior to addition of nanoparticles . Figure 4C 
shows that EGF treated cells had a 2-fold increase in 
cell lysis compared to control (no treatment) . RC160 

down regulation of the LHRH receptor resulted in a 2 5- 
fold reduction in the lytic effect of LHRH positive 
10 particles. No change in magnetocytolysis of EGF and 

RC160 treatment of MCF 7 cells compared to control (no 

treatment) was observed using LHRH negative nanoclinics 

In addition, lhrh positive and negative 

nanoclinics demonstrated no magnetocytolytic effect when 
15 incubated with lhrh receptor negative cell lines UCI and 



To demonstrate the effect of magnetic field 
exposure time on the lysis of cells, MCF-7 cells were 
incubated l hour with LHRH-nanoparticles before exposure 
20 to increasing times in magnetic field. As shown in 

Figure 5, the lytic effect is dependent upon the time of 
exposure in the magnetic field. 

Further, the effect of the presence of nanoclinics 
xn suspension with cells was investigated. MCF-7 and 
) 25 UCI cells were released from culture plates by 

trypsinization or cell scrapping. The cells were 
resuspended in culture media containing the nanoclinics 
After incubation, the nanoclinic-cell suspension was 
exposed to the magnetic field and magnetocytolysis was 
30 determined. LHRH positive nanoclinics showed a greater 
magnetocytolytic effect on both MCF-7 and KB cells than 
UCI cells. LHRH negative nanoclinics had almost no 
lytic activity on any of the above cells. While not 
intending to be bound by any particular theory, these 
3 5 data indicate that an intimate cell-nanoclinic 

interaction occur in order to have a magnetocytolytic 
effect. The combined data frcm these experiments 
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suggests that the LHRH receptors play an important role 
in the magnetocytolysis with this nanoclinic design. 

To understand the mechanism of cellular disruption 
by magnetocytolysis, the magnetic behaviors of particles 
5 was investigated (in the presence and absence of KB 

cells) in the superparamagnetic (paramagnetic state for 
magnetic monodomain particles) range using magnetometer 
(SQUID) . Figure 6 shows a comparison of magnetization 
- curves of LHRH positive particles in the presence and 
10 absence of suspended KB cells. Magnetization (M) can be 
described as integral of Langevin function taking into 
account the size polydispersity of the magnetic core. 
When the field is increased the magnetic moments are 
progressively oriented in the field which increases the 
15 magnetization (M) . A plateau is reached (saturation 
magnetization Ms) when all the particles are oriented 
following the easy axis magnetization. For nanoclinics 
dispersed in cell growth medium, a usual curve is 
observed and magnetization can be fit with the Langevin 
2 0 equation using a 17 nm magnetic diameter with a 
polydispersity. For increasing magnetic field, 
particles incubated two hours with cells exhibit an 
unusual curve different from the particles without 
cells. No single Langevin can be used in this case to 
25 fit the curve. This can be explained in term of 

resistance to magnetization, which can only be induced 
by the cell nanoclinic interaction. This disparity was 
not observed in a similar experiment using LHRH negative 
nanoclinics. If it is considered that these nanoclinics 
30 are bound to the cell membrane or inside the cell, 
physical orientation in a magnetic field would 
predictably be harder than for free nanoclinics. As the 
magnetic field increases, the two curves converge. When 
the two curves reached the same plateau and the field is 
35 decreased the resultant curves are equivalent. At this 
stage all the nanoclinics can be considered as free 
particles. While not intending to be bound by any 
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particular theory, this data suggest that a probable 
mechanism for magnetocyto lysis could be a physical 
orientation of magnetic particles in the field, which 
induces a physical disruption of the cell. These data 
clearly shows that nanoclinics can be synthesized to 
selectively affect specific cell types with a 
controllable efficiency. The data also demonstrated the 
magnetocytolytic ability (cell lysing) of' these 
nanoclinics and that this effect requires direct contact 
with and/or internalization into the target cell. As 
demonstrated here, magnetocytolytic activity was 
effective only in those cells capable of interacting 
with these nanoparticles . Evidence presented here 
suggests these nanoclinics enter cells by receptor 
mediated endocytotic process. 

The foregoing description of the specific 
embodiments is for the purpose of illustration and is 
not to be construed as restrictive. From the teachings 
of the present invention, those skilled in the art will 
recognize that the device may be modified without 
departing from the spirit of the invention. 
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We claim: 



1. A nanoparticle comprising: 

a) a core comprising magnetic material selected 
from the group consisting of ferrous oxide and ferric 
oxide; 

b) a silica shell surrounding the core, wherein the 
outer diameter of the silica shell is less than 100 nm; 
and 

c) a targeting agent having specific affinity for a 
molecule on the surface of a target cell, wherein the 
targeting agent is attached to the silica shell via a 
carbon spacer. 

2. The nanoparticle of claim 1, wherein the outer 
diameter of the silica shell is between about 5nm and 
about 40nm. 



3 • The nanoparticle of claim 2 , wherein the outer 
20 diameter of the silica shell is about 20nm. 

4, The nanoparticle of claim 1, wherein the magnetic 
material is ferrous oxide. 

25 5. The nanoparticle of claim 1, wherein the magnetic 
material is ferric oxide. 

6. The nanoparticle of claim l, wherein the targeting 
agent is a peptide or polypeptide. 

30 

7. The nanoparticle of claim 6, wherein the targeting 
agent is Leutinizing hormone releasing hormone. 

8. The nanoparticle of claim 1, wherein the spacer 
35 contains between 6 and 2 0 carbon atoms. 
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9- The nanoparticle of claim 8, wherein the spacer 

contains 14 carbon atoms. 

10. The nanoparticle of claim 1, further comprising a 
5 tracking agent. 

11. A method of causing lysis of a targeted cell 
comprising the steps of: 

(a) contacting nanoparticles of claim 1 with 

10 targeted cells for a time sufficient to bind 

or internalize the nanoparticles, 

(b) exposing the cells to a D.C. magnetic field to 
cause lysis of the cells. 

15 12. The method of claim 11, wherein the targeted cells 
express LHRH receptors on the cell surface. 

13. The method of claim 11, wherein the magnetic core 
comprises ferrous oxide. 

20 

14. The method of claim 11 , wherein the magnetic core 
comprises ferric oxide. 

15. The method of claim 11, wherein the outer diameter 
25 of the silica shell is about 20 nm. 

16. The method of claim 11, wherein the carbon spacer 
contains between 6 and 20 carbon atoms. 

30 17. The method of claim 11, wherein the carbon spacer 
contains 14 carbon atoms . 

18. The method of claim 11, wherein the targeting 
molecule is Leutinizing hormone releasing hormone. 

35 

19. Th method of claim 11, wherein magnetic core is 
ferrous oxide, the carbon spacer contains 14 carbon 
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atoms, the silica shell is about 2 0 nm, and the 
targeting molecule is Leutinizing hormone releasing 
hormone . 

5 20. The method of claim 11, wherein the targeted cells 
are selected from the group consisting of breast tumor 
cells, ovarian tumor cells, endometrial tumor cells, 
prostate tumor cells and pancreatic tumor cells. 

10 21. A method of preparing nanoparticles of claim 1, 
comprising the steps of: 

a) forming iron oxide particles selected 
from the group consisting of ferrous 
oxide and ferric oxide; 
15 *>) forming a silica shell around the iron 

oxide particles; 
c) attaching a targeting molecule to the 
silica shell via a carbon spacer, 
wherein the carbon spacer has between 6 and 20 carbon 
20 atoms, and wherein the outer diameter of the silica 
shell is less than 100 nm. 
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